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(54) Title: NOVEL BACTERIOCIN FROM A STRAIN OF LACTOCOCCUS LACTIS SUBSP. CREMORIS 
1 -Lys Leu Thr Phe lie Gin Ser Thr Ala Ala Gly Asp Leu Tyr Tyr 

(I) 

1 6-Asn Thr Asn Thr His Lys Tyr Val Tyr Gin Gin Thr Gin Asn Ala 
31 -Phe Gly Ala Ala Ala Asn Thr lie Val Asn Gly Trp Met Gly Gly 
46-Ala Ala Gly Gly Phe G!y Leu His His 



Glu Lys Asp lie Ser Gin Glu GIu Arg Asn Ala Lai Asn lie Ala GIu 



Lys Ala Lai Asp Asn Ser GIu Tyr Lai Pro Lys Me He Leu Asn Leu Arg Lip Ala Leu 



Thr Pro Leu Ala lie Asn Arg Thr Leu Asn Ths Asp Leu Ser Glu Leu Tyr Lys Phe lie 



Thr Ser Ser Lys Ala Ser Ans Lys Asn LeuTSIy Gly Gly Lei lie Met Ser Trp Gly Arg Leu Phe 



(II) 



(57) Abstract 

The invention provides a polypeptide having or including the amino acid sequence (I) and derivatives and fragments there- 
of having bacteriocin activity and a polypeptide having or including the amino acid sequence (II) and derivatives and fragments 
thereof having bacteriocin immunity activity. 
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Novel bacteriocin from a strain of Lactococcus lactis subsp. cremoris 

5 

This invention relates to a novel bacteriocin and its 
isolation, synthesis and use. 

We have isolated a novel bacteriocin from a strain of 
10 Lactococcus lactis subsp. cremoris . This strain has 
never been described in the literature. 

The above microorganism is autolytic when cell 
concentrations are high and we have discovered that it 
15 produces a bacteriocin which is found extracellularly in 
growth media, for example M17 medium. The autolysis of 
the bacteria can be shown to be due to the lytic 
properties of the bacteriocin. Lysis is prevented by 
the addition of proteases that degrade the bacteriocin. 

20 

Term "bacteriocin" is used herein to include 
substances released by bacteria which kill not only 
the productive organism itself, but also other strains 

25 of bacteria, by any mechanism, including lysis. Thus, 
the new bacteriocin here concerned has been shown to 
inhibit the growth of more than 120 strains of 
lactococci, including strains producing the known 
bacteriocins diplococcin and nisin. However, the 

3 0 productive organism itself carries a gene coding for an 
immunity factor providing resistance to the bacteriocin 
to prevent indiscriminate lysis and the bacteriocin only 
seems to lyse its productive organism at high cell 
concentrations. 

35 
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We have determined the amino acid sequence of the new 
bacteriocin. According to one aspect of the present 
invention, we provide a polypeptide having or including 
the amino acid sequence: 

5 

1-Lys Leu Thr Phe lie Gin Ser Thr Ala Ala Gly Asp Leu Tyr Tyr 
1 6-Asn Thr Asn Thr His Lys Tyr Val Tyr Gin Gin Thr Gin Asn Ala 

10 

31 -Phe Gly Ala Ala Ala Asn Thr lie Val Asn Gly Trp Met Gly Gly 

15 46-Ala Ala Gly Gly Phe Gly Leu His His 

and derivatives and fragments thereof having bacteriocin 
activity . 



20 
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The above structure is different from that of nisin 
and has no meaningful sequence homology with other 
known polypeptide sequences in the SWISS PROT data 
bank. The lytic activity of the bacteriocin of the 
5 invention is substantially greater than that of 
previously known L». lactis bacteriocins. 

The novel bacteriocin is heat stable and retains 
activity after boiling in water for 30 minutes. This is 
10 of value in permitting its use in industrial processes 
using L. lactis organisms for example cheese and yoghurt 
manufacture . 

The bacteriocin appears to kill lactococci by lysis. 
15 Accelerated lysis of lactococci is beneficial in 

accelerating cheese ripening and the new bacteriocin is 
thus of particular application in the production of 
cheese . 

2 0 The lytic activity of the bacteriocin may also be of use 
in production of cell wall preparations or for 
liberation of nucleic acid material. 

Since certain bacteria, for example Gram-negative 
25 bacteria, are resistant to bacteriocins, negative 

selection is possible by using the bacteriocin according 
to the invention to remove certain cells, for example 
L. lactis , from mixed cell populations e.g. in starter 
cultures for fermentation. 

30 

Where the productive strain of L. lactis is used as the 
sole or principle organism in an industrial process such 
as cheese or yoghurt production, addition of the 
bacteriocin of the invention to the starter culture 
35 serves to eliminate foreign organisms and may be 

effective against, for example, spore forming Clostridia 
or unwanted strains of L. lactis . 
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The bacteriocin may advantageously be added to a cheese 
or yoghurt fermentation at a relatively late stage,, 
after lactic acid, protease and flavour production by 
the L>Lactis organism has already taken place. 

5 

By keeping the productive strain pure, either in the 
starter culture or in the milk or other medium, 
unformity of production can be improved. 

10 The bacteriocin may also be used to kill selectively 
strains of lactic acid producing bacteria in beer and 
distillery fermentations, since these are attributed in 
the literature to be the major causes of spoilage in 
unpasteurised beers and give rise to the greatest 

15 proportion of infections during fermentation. 

The invention particularly includes starter cultures of 
microorganisms containing the bacteriocin as an 
inhibitor of contaminating lactococcus species. Such 

20 microorganisms may, for example, be strains of L. lactis 
resistant to the bacteriocin e.g. the producing 
organism, so that only unwanted microorganisms are 
removed from the starter culture, or yeasts of use in 
beer or distillery fermentations. Such starter cultures 

25 will normally be in lyophilised form. 

In view of its high specificity, the bacteriocin may be 
used as a taxonomic tool in the identification of 
Lactococcus species . 

30 

The new bacteriocin may be isolated from cultures of 
Lactococcus lactis subsp. cremoris by fractionation of 
the growth medium whereby fractions enriched in the 
bacteriocin are collected. By applying known 
35 fractionation techniques- it is possible to obtain the 
bacteriocin in electrophoretic purity. Thus for 
example, the organism may be grown in a suitable culture 
medium, e.g. M17 broth, and the supernatant subjected to 
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fractional precipitation e.g. with ammonium sulphate, 
followed by chromatography e.g. on carboxymethyl agarose 
with elution with phosphate buffer and/or on 
phenylsuperose with gradient elution with phosphate 
5 buffer containing increasing concentrations of ethanol . 

We have been able to clone and sequence a two gene 
operon from L. lactis cremoris which codes for the 
bacteriocin in the pro-form as well as a further protein 

10 which is believed to be the immunity factor providing 

resistance against self-destruction by the bacteriocin. 
The full sequence of the operon is shown in Fig, 1 which 
also shows the sequence of the corresponding proteins, 
i.e. the bacteriocin and the immunity factor. The 

15 operon starts with a regulating region for expression of 
the genes. This is believed to comprise promoters at 
regions -35 and -10 and a ribosomal binding site. The 
gene coding for the pro-sequence runs from base 312 to 
base 374. The gene coding for the bacteriocin runs from 

20 base 375 to base 536, The gene coding for the putative 
immunity factor runs from base 554 to base 847 in a 
different reading frame. Three putative promoter 
sequences are indicated as PI, P2 and P3 in regions -3 5 
and -10 and ribosome binding sites are indicated as RBS . 

25 

According to a further feature of the invention we 
provide DNA coding for the bacteriocin and for the 
immunity factor respectively. It will be appreciated 
that knowledge of the overall amino acid sequence shown 
30 in claim 1 and/or the DNA sequence coding for the pro- 
bacteriocin does not provide an indication of the 
position of the first codon coding for the mature 
bacteriocin . 

35 The invention thus includes not only the DNA sequences 
shown in Fig. 1 but also sequences which due to the 
degeneracy of the code, are also capable of coding for 
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the proteins concerned. 

The invention also includes cloning and expression 
vectors containing the DNA coding for the mature 
5 bacteriocin and/or for the immunity factor. Expression 
vectors appropriate to L. lactis are particularly 
preferred . 

The invention also includes strains of L. lactis 
10 transformed with such vectors. 

The immunity factor according to the invention may be of 
use in combating the effects of L. lactis bacteriocins, 
for example, in controlling the effects of the 
15 bacteriocin according to the invention. 

The gene coding for the immunity factor may be used as a 
selective marker in future construction of food grade 
cloning vector, for example instead of an antibiotic 
20 matter. 

The operon shown in Fig. 1 was obtained from the 
fragmented plasmid DNA of L. lactis cremoris , using a 
probe comprising all or part of the non-coding DNA 

25 strand corresponding to the mature bacteriocin coding 
portion of the DNA strand shown in Fig. 1. The DNA 
coding for the mature bacteriocin or immunity factor may 
be incorporated into any convenient cloning vector for 
amplification and into an expression vector for 

30 transformation of host microorganisms such as L. lactis, 
for example cloning vector pIL253 (A. Chopin, Biochimie 
70, 1988, 59-566). Growth under suitable culture 
conditions will provide the bacteriocin in the growth 
medium, from which it can be isolated by the technrjues 

3 5 described above . 

Furthermore, strains of L». lactis may be transformed 
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with multiple copies of a plasmid or other vector 
containing the required DNA sequence to provide an 
improved strain giving rise to enhanced production of 
the bacteriocin. Such improved strains may provide more 
5 rapid lysis and hence accelerated cheese ripening when 
used in cheese manufacture. In particular, the strain 
of Li. lactis which produces the bacteriocin and which 
thus also carries a resistance gene, may be provided 
with such multiple copies of the vector; this will thus 
10 be able to proliferate without premature destruction by 
the bacteriocin. 

The new bacteriocin may also be prepared by chemical 
synthesis, for example using solid phase synthesis, 

15 advantageously using a polypeptide synthesis apparatus, 
as commercially available. In such a synthesis, active 
side chain groupings (e.g. amino or carboxyl groups) of 
the respective amino acids will be protected and the 
final step will be deprotection and/or removal from the 

2 0 inert support to which the polypeptide is attached 
during synthesis . 

In building up the peptide chains, one can in principle 
start either at the C-terminal or the N-terminal - 
2 5 although only the C-terminal starting procedure is in 
common use. 

Thus, one can start at the C-terminal by reaction of a 
suitable derivative of, for example histidine with a 

30 suitable protected derivative of leucine. The histidine 
derivative will have a free a-amino group while the 
other reactant will have either a free or activated 
carboxyl group and a protected amino group. After 
coupling, the intermediate may be purified for example 

35 by chromatography, and then selectively N-deprotected to 
permit addition of a further N-protected and free or 
activated amino acid residue. This procedure is 
continued until the required amino acid sequence is 
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completed . 

Carboxylic acid activating substituents which may, for 
example, be employed include symmetrical or mixed 
5 anhydrides, or activated esters such as for example 
p-nitrophenyl ester, 2 , 4 , 5 , trichlorophenyl- ester, 
N-hydroxybenzotriazole ester (OBt) , N-hydroxy- 
succinimidylester (OSu) or pentaf luorophenylester 
(OPFP) . 

10 

The coupling of free amino and carboxyl groups may, for 
example, be effected using dicyclohexylcarbodi- imide 
(DCC) - Another coupling agent which may, for example, 
be employed is N-ethoxycarbonyl-2-ethoxy-l , 2-dihydro- 
15 quinoline (EEDQ) . 

In general it is convenient to effect the coupling 
reactions at low temperatures, for example, -20 *C up to 
ambient temperature, conveniently in a suitable solvent 
20 system, for example, tetrahydro- furan, dioxan, 

dimethyl formamide, methylene chloride or a mixture of 
these solvents. 

It may be more convenient to carry out the synthesis on 
25 a solid phase resin support. Chloro- methylated 

polystyrene (cross-linked with 1% divinyl benzene) is 
one useful type of support; in this case the synthesis 
will start the C-terminal, for example by coupling 
N-protected histidine to the support. 

30 

A number of suitable solid phase techniques are 
described by Eric Atherton, Christopher J. Logan, and 
Robert C. Sheppard, J. Chem. Soc. Perkin I, 538-4 6 
(1981); James P. Tam,Foe S. Tjoeng, and R. B, 
35 Merrifield J. Am. Chem. -Soc. 102, 6117-27 (1980); James 
P. Tam, Richard D. Dimarchi and R. B. Merrifield Int. J. 
Peptide Protein Res 16 412-25 (1980); Manfred Mutter and 
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Dieter Bellof, Helvetica Chimica Acta 67 2009-16 (1984). 

A wide choice of protecting groups for amino acids are 
known and are exemplified in Schrttder, E., and Lttbke, 
5 Kl , The Peptides, Vols.. 1 and 2, Academic Press, New 

York and London, 1965 and 1966; Pettit, G.R. , Synthetic 
Peptides, Vols. 1-4, Van Nostrand, Reinhold, New York 
1970, 1971, 1975 and 1976; Houben-Weyl , Methoden der 
Organischen Chemie, Synthese von Peptiden, Band 15, 
10 Georg Thieme Verlag Stuttgart, NY, 1983; The Peptides, 
Analysis, synthesis, biology 1-7, Ed: Erhard Gross, 
Johannes Meienhofer, Academic Press, NY, San Fransisco, 
London; Solid phase peptide synthesis 2nd ed. , John M. 
Stewaet, Janis D. Young, Pierce Chemical Company. 

15 

Thus, for example amine protecting groups which may be 
employed include protecting groups which may be employed 
include protecting groups such as carbobenzoxy (Z-) , 
t-butoxycarbonyl (Boc-) , 4-methoxy-2 , 3 , 6-trimethyl- 

20 benzene sulphonyl (Mtr-) , and 9-f luorenylmethoxycarbonyl 
(Fmoc-) . It will be appreciated that when the peptide 
is built up from the C-terminal end, an amine protecting 
group will be present on the a-amino group of each new 
residue added and will need to be removed selectively 

25 prior to the next coupling step. One particularly 

useful group for such temporary amine protection is the 
Fmoc group which can be removed selectively by treatment 
with piperidine in an organic solvent. 

3 0 Carboxyl protecting groups which may, for example be 
employed include readily cleaved ester groups such as 
benzyl (-OBZ1) , p-nitrobenzyl (-ONB) , or t-butyl (-tOBu) 
as well as the coupling on solid supports, for example 
methyl groups linked to polystyrene. 

35 

It will be appreciated that a wide range of other such 
groups exists as, for example, detailed in the 
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above-mentioned literature references, and the use of 
all such groups in the hereinbefore described processes 
fall within the scope of the present invention. 

5 A wide range of procedures exists for removing amine- 

and carboxyl-protecting groups. These must, however, be 
consistent with the synthetic strategy employed. The 
side chain protecting groups must be stable to the 
conditions used to remove the temporary a-amino 
10 protecting groups prior to the next coupling step. 

Amine protecting groups such as Boc and carboxyl 
protecting groups such as tOBu may be removed simultan- 
eously by acid treatment, for example with trifluoro 
15 acetic acid. In building up the peptide chains, one can 
in principle start either at the C-terminal or the 
N-terminal although only the C-terminal starting 
procedure is in common use. 

Thus, one can start at the C-terminal by reaction of a 
suitabe derivative of, for example histidine with a 
suitable protected derivative of leucine. The histidine 
derivative will have a free a-amino group while the 
other reactant will have either a free or activated 
carboxyl group and a protected amino group. After 
coupling, the intermediate may be purified for example 
by chromatography, and then selectively N-deprotected to 
permit addition of a further N-protected and free or 
activated amino acid residue. This procedure is 
continued until the required amino acid sequence is 
completed . 

Carboxyl ic acid activating substituents which may, for 
example, be employed 4 include symmetrical or mixed 
anhydrides, or activated esters such as for example 
p-nitrophenyl ester, 2,4, 5 , trichlorophenyl -ester , 
N-hydroxybenzotriazole ester (OBt) , N-hydroxy- 



25 



30 
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succinimidylester (OSu) or pentaf luorophenylester 
(OPFP) . 

The coupling of free amino and carboxyl groups may, for 
5 example, be effected using dicyclohexylcarbodi-imide 

(DCC) . Another coupling agent which may, for example, 
be employed is N-ethoxycarbonyl-2-ethoxy-l , 2-dihydro- 
quinoline (EEDQ) . 

10 In general it is convenient to effect the coupling 

reactions at low temperatures, for example, -20 °C up to 
ambient temperature, conveniently in a suitable solvent 
system, for example, tetrahydro-furan, dioxan, 
dimethyl formamide, methylene chloride or a mixture of 

15 these . solvents . 

It may be more convenient to carry out the synthesis on 
a solid phase resin support. Chloro-methylated 
polystyrene (cross-linked with 1% divinyl benzene) is 
20 one useful type of support; in this case the synthesis 
will start the C-terminal, for example by coupling 
N-protected histidine to the support. 

A number of suitable solid phase techniques are 
25 described by Eric Atherton, Christopher J. Logan, and 
Robert C. Sheppard, J • Chem. Soc. Perkin I, 53 8-4 6 
(1981) ; James P. Tarn, Foe S. Tjoeng, and R. B, 
Merrifield J . Am. Chem. Soc. 102, 6117-27 (1980) ; James 
P. Tarn, Richard D. Dimarchi and R. B. Merrifield Int. J. 
30 Peptide Protein Res 16 412-25 (1980) ; Manfred Mutter and 
Dieter Belief, Helvetica Chimica Acta 67 2009-16 (1984). 

A wide choice of protecting groups for amino acids are 
known and are exemplified in SchrOder, E. , and Lttbke, 
35 K. , The Peptides, Vols.-l and 2, Academic Press, New 

York and London, 1965 and 1966; Pettit, G.R., Synthetic 
Peptides, Vols. 1-4, Van Nostrand, Reinhold, New York 
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1970, 1971, 1975 and 1976; Houben-Weyl , Methoden der 
Organischen Chemie, Synthese von Peptiden, Band 15, 
Georg Thieme Verlag Stuttgart, NY, 1983; The Peptides, 
Analysis, synthesis, biology 1-7, Ed: Erhard Gross, 
5 Johannes Meienhofer, Academic Press, NY, San Fransisco, 
London; Solid phase peptide synthesis 2nd ed. , John M. 
Stewaet, Janis D. Young, Pierce Chemical Company. 

Thus, for example amine protecting groups which may be 
10 employed include include protecting groups such as 
carbobenzoxy (Z-) , t-butoxycarbonyl (Boc-) , 
4-methoxy-2,3,6-trimethyl-benzene sulphonyl (Mtr-) , and 
9-f luorenylmethoxycarbonyl (Fmoc-) . It will be 
appreciated that when the peptide is built up from the 
15 C-terminal end, an amine protecting group will be 

present on the a-amino group of each new residue added 
and will need to be removed selectively prior to the 
next coupling step. One particularly useful group for 
such temporary amine protection is the Fmoc group which 
20 can be removed selectively by treatment with piper idine 
in an organic solvent. 

Carboxyl protecting groups which may, for example be 
employed include readily cleaved ester groups such as 
25 benzyl (-OBZ1) , p-nitrobenzyl (-ONB) , or t-butyl (-tOBu) 
as well as the coupling on solid supports, for example 
methyl groups linked to polystyrene. 

It will be appreciated that a wide range of other such 
30 groups exists as, for example, detailed in the 

above-mentioned literature references, and the use of 
all such groups in the hereinbefore described processes 
fall within the scope of the present invention. 

35 A wide range of procedures exists for removing amine- 

and carboxyl-protecting groups. These must, however, be 
consistent with the synthetic strategy employed. The 
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side chain protecting groups must be stable to the 
conditions used to remove the temporary a-amino 
protecting groups prior to the next coupling step. 

5 Amine protecting groups such as Boc and carboxyl 

protecting groups such as tOBu may be removed simultan- 
eously by acid treatment, for example with trifluoro 
acetic acid. 

10 The following Example is given by way of 
illustration only: 

Example 1 

15 Bacterial strains, media, plasmids, and enzymes. The 
bacterial strains, plasmids and phases used are listed 
in Table 1. All lactococcal strains were grown in M17 
broth (44) and maintained as frozen stocks at -80 °C in 
M17 broth containing 10% glycerol. Escheri chia coli 

20 DH5a was used for propagating pUC18 and its derivatives. 
M13 vectors and clones were propagated in 2x YT (2a) 
with E. coli JM101 as the host. 

Restriction endonucleases , T4 DNA ligase, T4 
25 polynucleotide kinase, and DNA molecular weight 
standards were purchased from Bethesda Research 
Laboratories, Inc. (Gaitherburg , Md.). Calf intestinal 
alkaline phosphatase, sequence-grade trypsin, and 
endoprotease glu-C were purchased from Boehringer GmbH 
30 (Mannheim, Germany)... Sequenase was obtained from United 
States Biochemical Corp. (Cleveland, Ohio) . 

Plasmid curing. L . lactis subsp. cremoris LMG 2130 was 
grown in M17 broth supplemented with 1% glucose at 38 °C 
35 in the presence of 0 . 1 Tig of novobiocin per ml. Diluted 
aliquots from this culture were spread on M17 broth-1% 
glucose plates and incubated at 30"C. Colonies were 
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scored for bacteriocin production. 

Bacteriocin assays. Three methods were used to 
determine bacteriocin activity. (i) Colonies of 
5 possible bacteriocin-producing bacteria were grown on 

agar plates overnight. A lawn of 3 ml of M17 soft agar 
(0.7%) containing 100 »1 °f a fresh culture of the 
indicator organism was poured over a plate. After 
incubation overnight at 3 0 'C. the colonies were examined 
10 for zones of growth inhibition. (ii) In M17 agar 

plates, wells with a diameter of 4 mm were made and 
filled with bacteriocin solutions. After the liquid had 
been completely absorbed by the gel. M17 soft agar 
containing the indicator organism was overlaid on the 
15 plates to demonstrate bacteriocin activity as described 
above. (iii) Bacteriocin activity was quantified as 
described by Geis et al. (15), except that microtiter 
plates with wells containing 200 Ml of M17 broth were 
used. One unit of bacteriocin activity (BU) was 
20 arbitrarily defined as the amount of bacteriocin 

required to produce 50% growth inhibition (50% of the 
turbidity of the control without bacteriocin) of Li 
lactis subsp. cremoris IMN C18 in this assay. 
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Table 1 
study 



15 

Strains, plasmids, and phages used in this 



Strains , plasmids 
or phages 



Relevant phenotype 



Source of 
reference 



10 



15 



20 



25 



30 



35 



40 



Strains 
L . lactis subsp. 
cremoris 
LMG 2130 
LMG 2131 

IMN C18 
BC 101 

L . lactis subsp. 
lactis 
NIZO 4.25 
IL 1403 

IMN C18 
BC 101 

E . Coli 
DH5a 
JM101 

Plasmids 
pIL253 
pUC18 
M13mplS 
M13mpl9 
pONl 

pON2 



pON7 



LCN-A-producing strain 
lcnA derivative of LMG 
2130 



biovar diacety lactis 
2130 



G. Vegarud 
This study 

D. Lillehaug 
51 



J, Narvhaus 
6 

D. Lillehaug 
5 



17 
31 



41 
53 
31 
31 

pUC18 with 4-kb Hindlll This work 
fragment containing lcnA 
pUC18: :pIL253 with 4-kb This work 
Hindlll fragment 
containing lcnA 
pUC18: :pIL253 with 
1.2-kb Rsal-Hindlll 



This work 



fragment containing lcnA 



45 



50 



Purification of LCN-A. The bacteriocin was purified 
from 1-liter cultures of L. lactis subsp. cremoris LMG 
2130. The various s^eps of the purification procedure 
were carried out at 4°C~unless otherwise stated. The 
cells were grown to the early stationary phase, and the 
bacteria were removed by centrif ugation at 10,000 x g 
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for 10 min. The bacteriocin was precipitated from the 
culture supernatant by the addition of 280 g of ammonium 
sulfate per liter. Following centrif ugation at 10,000 x 
g for 30 min, the pellet was dissolved in water and 
5 adjusted to pH 7 . 3 by the addition of 0.5 M Na 2 HPO A . 

This solution was applied to a 10-ral CM-Sepharose column 
(Pharmacia Uppsala, Sweden) equilibrated with mM sodium 
phosphate (pH 7.3). The column was washed with 40 ml of 
20 mM sodium phosphate (pH 7.3) before the bacteriocin 

10 was eluted with 20 ml of the same buffer containing o.3 
M NaCl. The bacteriocin was subjected to reverse-phase 
liquid chromatography at room temperature with fast 
protein liquid chromatography equipment (Pharmacia) . 
The eluate from the cation exchanger was applied to a 1- 

15 ml Phenyl-Superose column (Pharmacia) equilibrated with 
10 mM sodium phosphate (pH 7.3). Following washing with 
10 mM sodium phosphate (pH 7.3), elution was carried out 
with a linear gradient of 0 to 60% ethanol at a flow 
rate of 0.3 ml/min. Purified LCN-A was stored in 60% 

20 ethanol-2.5 mM sodium phosphate (pH 7.3) at -20 °C. 
Protein concentrations were determined 
spectrophotometrically at 280 nm. 

Amino acid sequencing. An Applied Biosystems (Foster 
25 City Calif.) 477A sequencer was used for amino acid 

sequencing . The phenylthiohydantion-derivatized amino 
acid residues were determined on-line with an Applied 
Biosystems 120 phenylthiohydantoin analyzer. The C- 
terminal part of the sequence was obtained after 
3 0 cleavage of the Asn-Gly bond with hydroxylamine at pH 9 
as described by Bornstein and Galian (3) . 

DNA isolation, analysis and manipulations. Plasmid DNA 
was isolated from L. lactis as described by Klaenhammer 
35 (23). Small-scale preparation of E. coli plasmid DNA 
was performed with GeneClean (BIO 101, La Jolia, 
Calif . ) . Large -sea led isolation of pi asm ids from E . 
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coli was performed by the alkaline lysis method 
described by Maniatis et al. (25). The M13 plus-strand 
DNA template for sequencing was prepared from infected 
1.5 ml cultures as described previously (2a). 

5 

Enzymes for DNA manipulations were used in accordance 
with manufacturer's specifications. Plasmid DNA from 
strain LMG 213 0 used for cloning was purified by CsCl 
isopycnic centrif ugation (33) . 

10 

Restriction fragments of the desired size for cloning 
were isolated and purified from 0 . 7% agarose gels with 
Gene-Clean . 

15 DNA cloned in E. coli was subcloned in lactococci as 
follows. pUC18 plasmids with inserts were fused to 
pIL253 by EcoRI digestion and ligation . The resultant 
constructs were transformed into E. coli . Clones were 
obtained by selection for erythromycin (3 00 tig/ml) and 

20 ampicillin (50 /xg/ml) resistance, Plasmid DNA extracted 
from the clones was used to transform lactococci by 
electroporation as described by Holo and Nes(20). 

Transformation of E. coli was performed by the method of 
25 Hanahan (17) . 

Nucleic acid hybridizations and nucleotide sequencing . 
On the basis of the sequence extending from amino acid 
25 in LCN— A , the following 64-f old-degenerated synthetic 

30 oligodeoxynucleotide probe was made (with an Applied 

Bio-systems 381A DNA synthesizer); 3 • -ATIGT (T/C) GT (T/C) 
TG (I/C) TG (T/C) TTICG (I/C) AAICC-5 1 . Colony hybridization 
was performed as described by Hanahan and Meselson (18). 
Southern blots were made by vacuum transfer (2016 

35 Vacugene; Pharmacia) of -restrict ion endonuclease- 

digested DNA (fractionated on 0.7% agarose gels) to 
GeneScreen Plus membranes (NEN Research Products, 
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Dupont, Boston, Mass,) (42), Hybridization with the 26- 
mer oligodeoxynucleotide was performed as described by 
Church and Gilbert (7) . Nucleotide sequencing by the 
didoxynucleotide method (37) was carried out on 
5 restriction fragments cloned into M13mpl8 and M13mpl9 
[a- 35 S]dATP (600 Ci/mmol ; Amersham International , 
Amersham, United Kingdom) was used for labelling. 

Nucleotide sequence accession number. The nucleotide 
10 sequence presented in this article has been assigned 
EMBL accession number M63675. 



Table 2 



Purification of LCN-A 



15 



Fraction 



Vol 
(ml) 



Total Sp act Purif- Yield 
activity BUs/rol/Aggo cation (X) 
(10 S SUs) (fold) 



Culture supernatant 
20 Ammonium sulfate 
precipitate 
Cat ion- exchange 
chromatography 
Reverse-phase 
2 5 chromatography 



1,000 14.6 
100 5.35 

12 0.17 



15 
13 

9.6 



102.8 
2,428 

4.6 x 10 5 



2 0.51 2.4 2.4 x 10 3 



1 
23 

4,485 

2,281 



100 
87 

64 

16 



Purification of LCN-A L. lactis subsp. cremoris LMG 213 0 
was found to produce a bacteriocin constitutively during 

30 growth in M17 medium. A procedure for purifying the 

bacteriocin from the culture supernatant was developed. 
The purification scheme is shown in Table 2. The 
protein was about 95% pure, as judged by amino acid 
sequence analysis. The amino acid sequence of the 

35 purified bacteriocin is -as shown above. The bacteriocin 
was found to contain 54 amino acid residues with a 
calculated molecular weight of 5,778 which has been 
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confirm by mass spectrograph]/, thus showing the 
substantial absence of glycosylation or methylation. No 
significant sequence similarly was found to any protein 
or putative gene product in the Swiss-Prot or NBRF data 
5 bases. 

We have named the new bacteriocin LCN-A. The protein is 
rich in alanine residues (8 of 54) and glycine residues 
(8 of 54) and contains only three charged amino acid 

10 residues. The calculated isoelectric point of the 

bacteriocin was 9.2. The extinction co-efficient of 
LCN-A at 280 nm. was estimated to be 1.2 z 10 A cm" 1 M* 1 
from its content of tryptophan and tyrosine (4). Thus, 
pure LCN-A had a specific activity of about 4.9 x 10 5 

15 BUs/mg. Assuming that the activity of LCN-A was not 
reduced during purification, strain LMG 213 0 produced 

about 3 mg of LCN-A per liter. By comparison, L. lactis 

subsp. cremoris 34 6 was found to produce 6 mg of 
diplococcin per liter (10) . The pure bacteriocin was 

2 0 not very soluble in water. Upon storage in aqueous 
buffers at 4°C, the bacteriocin formed an inactive 
precipitate. Pure LCN-A could, however, be stored longer 
than 6 months at -20 Q C in 60% ethanol containing 2 . 5 mM 
sodium phosphate (pH 7.3) without a detectable loss of 

25 activity . 

Effect of proteases, LCN-A lost its activity when 
exposed to various proteases, including the highly 
specific endoprotease glu-C and trypsin. In phosphate 
30 buffer (pH 7.8), endroprotease glu-C could cleave the 

bacteriocin at one site, between amino acid residues 12 
(Asp) and 13 (Leu) ; trypsin could cleave the bacteriocin 
at the carboxyl side of its two lysing residues (1 and 
21) . 

35 

Inhibitory spectrum and mode of action. By means of the 
agar diffusion assay, more than 120 strains of L_; lactis 
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subsp. lactis and L. lactis subsp. cremoris were found 
to be sensitive to purified LCN-A. Sensitive strains' 
were rapidly killed by the bacteriocin. The viable 
count of an exponentially growing culture of strain IMN 
5 C28 dropped from 2 x 10 8 l/ml after 5 rain of exposure to 
200 BUs/ml in M17 medium at 30 e C. 

Table 3 : Sensitivities of some lactococcal strains to 
LCN-A 

10 



Strain* 



L. lactis subsp. cremoris 
15 IMN C18 

LMG 2141 

NCDO 607 

NCDO 924 

NCDO 1198 
20 BC 101 

BC 101(pON2) 

BC 101(pON7) 

L, lactis subsp. lactis 
25 NCDO 604 

IL 1403 
IL 1403 (pON2) 
IL 1403 (pON7) 
NCDO 176 (biovar diace 

30 

L. garvisae NCDO 2155 



Sensitivity 
( BUS /ml 

5 

1, 000 

1.3 

1, 000 

0.4 
50 

5, 000 

5 , 000 



30 
0.4 
1,500 
1, 500 

actis) 20 

5, 000 



35 



Table 3 shows the sensitivities of various lactococcal 
strains to LCN-A * Wide variations in sensitivity were 
found. The most sensitive strains tested appeared to 
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be more sensitive to the bacteriocin when grown in 
lactic broth (14) than in M17 medium. In lactic broth, 
50% growth inhibition of strain NCDO 1198 was observed 
at a calculated LCN-A concentration of 40 pg/ml , or 7 
5 pM. This amount corresponds to about 4 00 molecules of 
LCN-A per CFU in the assay. 

Of the strains tested, only two, the bacteriocin 
producer itself (LMG 2130) and L. lactis subsp. lactis 

10 biovar diaceylactis NIZO 4-25, were resistant. This 
latter strain, however, was not found to produce the 
bacteriocin. The nisin ( L. lactis subsp. lactis NCDO 
496 and NCDO 1403) and diplococcin ( L. . lactis subsp. 
cremoris NCDO 893 ) -producing strains tested were all 

15 sensitive to LCN-A and were inhibitory to LMG 213 0. In 
addition, the bacteriocin showed weak inhibition of L^_ 
aarvieae NCDO 2155 (Table 3). 

Identification and cloning of the genetic determinant 

2 0 for LCN-A. An oligodeoxynucleotide probe based on the 
amino acid sequence of LCN-A was used in Southern 
hybridization analysis to localize the gene. When 
plasmid DNA from strain LNG 2130 was probed, one signal, 
corresponding to a 55-kb plasmid, was observed. Strain 

25 LMG 213 0 was exposed to plasmid curing. One isolate, 

LMG 2131, which did not produce LCN-A was found both to 
be deprived of the 55-kb plasmid and to give no signal 
on a Southern blot. Furthermore, Southern analysis of 
LMG 13 0 plasmid DNA digests revealed signals from a 4-kb 

30 Hindlll fragment a 1.2-kb Hindlll-Rsal fragment and a 
0.6-kb Dral fragment. The 4-kb fraction of Hindlll- 
digested LMG 2130 plasmid DNA was cloned in E. coli with 
pUC18 as the vector. Of 1,400 clones, 10 were found to 
be positive after screening with the oligodeoxy- 

35 nucleotide probe. The recombinant plasmid (pONl) from 
one of these 10 clones was further restricted with Dral 
and Rsalll. The fragments that hybridized to the probe, 
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the 4-kb Hindlll fragment, the 1.2-kb Hindlll-Rsal 
fragment, and the 0.6-kb Dral fragment were subcloned 
into M13Mpl8 and M13mpl9 to yield inserts in both 
orientations * 

5 

Nucleotide sequence of lcnA. The Hind III-Rsal fragment 
was sequenced. The nucleotide sequence of the two 
consecutive Dral fragments of 625 and 292 nucleotides is 
shown in Fig. 1* The entire lcnA gene was contained 

10 with the 0.6-kb Dral fragment. Computer analysis of the 
six possible open reading frames (ORFs) revealed long 
ORFs only on one of the DNA strands. Mature LCN-A of 54 
amino acid residues is encoded by the DNA segment from 
nucleotide positions 316 to 477. The only possible 

15 initiation codon was found at nucleotide position 253, 
implying that LCN-A is synthesized as a 75-amino-acid 
precursor containing a 21-amino-acid N-terminal 
extension. The initiation codon is preceded by the 
possible Shine-Dalgarno sequence 3' AGGAGA 5' (40). 

2 0 Three putative prbmotor elements, all showing 

considerable similarity to the E . coli a 70 consensus and 
streptococcal promoters, were found just upstream of 
this ribosome binding site (RBS) (Fig. 1) (27,35). 

25 Downstream of lcnA a second ORF, ORF2 , was found. 

Assuming that there is a translation start site at the 
ATG at nucleotide position 495, this ORF encodes a 98- 
amino-acid polypeptide. A possible RBS sequence, 5' 
GAGGATTGA 3 1 , occurs 7 nucleotides from the Met codon. 

30 Downstream of ORF2 , extending from nucleotide positions 
803 and 896, at two regions of dyad symmetry, which 
could form stem-loop structures with AG values of - 
144.8 and -102.1 kJmol , respectively (45). The uridine 
content in their distal stems suggests that these 

35 structures constitute Rho-independant terminators of the 
lcnA transcript. No putative terminator or promotor 
sequences were found between lcnA and ORF2 , indicating 
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that lcnA and ORF2 may constitute an operon. 

No DNA sequence in the EMBL data base showed a high 
degree of DNA homology to the DNA sequence presented 
5 here. The best score found was a 57 . 4% identity to a 
122-bp sequence in the data base. 

Cloning in L. lactis . The lcnA gene was cloned in 
lactis. The PIL. 253 : : pUC18 constructions carrying the 

10 4-kb Hindlll fragment and the 1.2-kb Hindlll-Rsal 
fragment were named pON2 and pON7 , respectively. 
Neither of these two plasmids caused detectable 
bacteriocin production in L. lactis subsp. cremoris BC 
101. However, when present in BC 101, both pON2 and 

15 pON7 conferred resistance to LCN-A. With either 

plasmid, the LCN-A concentration causing 50% growth 
inhibition increased from 50 to 5,000 BUs/ml (Table 3); 
this result was not seen with transf ormants containing 
the cloning vector alone. Similar results were observed 

20 with other strains of L. lactis (data not shown) . The 
only strain tested that showed bacteriocin production 

after transformation with the lcnA gene was lactis 

subsp. lactis IL 1403. When carrying pON2 or pON7 , L^ 
lactis subsp. lactis IL 14 03 produced about 60 BUs/ml. 

25 By comparison, the LCN-A-producing strain, LMG 213 0, 
produces about 1,500 BUs/ml. 

Sensitivity to LCN-A appears to be general among strains 
of L. lactis . Since this bacteriocin also is highly 

30 specific, it may be used for the identification of L. 
lactis strains. LCN-A is a hydrophobic protein. Its 
hydrophobic character was demonstrated by its high 
affinity for phenyl-Superose . This matrix is intended 
for use in hydrophobic interaction chromatography, and 

35 most proteins bind to it only at high salt 

concentrations. LCN-A bound to the column in the 
absence of salt and could only be eluted as an active 
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bacteriocin by solvents less polar than water. 

The toxic effects of nisin have been ascribed to its 
ability to form pores in cytoplasmic membranes (3 6) . 
5 The hydrophobic character of LCN-A suggests that the 
cytoplasmic membrane may also be the target for this 
bacteriocin. Calculations made as described by Rao and 
Argos (34) predicted that the stretch from amino acids 
30 to 52 in LCN-A can form a membrane-spanning helix 
10 (data not shown) - The idea that LCN-A acts on the 

membrane is further supported by the finding that this 
bacteriocin causes leakage of intracellular components 
even in hypertonic sucrose-containing media (unpublished 
data) . 

15 

Secreted proteins are usually synthesized as precursors 
with a short N-terminal extension called the signal 
peptide, which promotes secretion and which is removed 
by specific enzymes (1, 43, 49, 50, 52). Comparison of 
20 the gene-derived sequence for mature LCN-A with the 

direct amino acid sequencing data shows that the LCN-A 
is synthesized as a 75-amino-acid precursor. The LCN-A 
leader peptide of 21 amino acids has a positively 
charged N-terminus followed by a hydrophobic stretch 
25 typical of signal peptides of gram-positive bacteria 

(1) . Mature LCN-A has a lysine as its N-terminal amino 
acid. The sequence Ala-Asn-Gly-Gly precedes this lysine 
in the LCN-A precursor. According to the "-3, -1" rule 
of Von Heijne (49,50), a signal peptidase could cleave 
3 0 the precursor between the two glycines (-2,-1) but not 
between the glycine and the lysine (-1, +1) . This 
theory may suggest a stepwise processing of the LCN-A 
precursor in which a 20-amino-acid peptide and then a 
glycine are removed from the N terminus to yield mature 
35 LCN-A of 54 amino acids r 

Three putative promoter elements were found upstream of 
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the lcnA gene (Fig. 1) . Conceivably, transcription , 
initiation could occur 5 to 9 nucleotides downstream of 
any of the putative Pribnow boxes, yielding leaders of 
17 to 33 nucleotides. Overlapping the -10 regions of 
5 the putative promoter elements is an inverted repeat 

sequence that could form a stem-loop structure (Fig. 1) . 
This structure, with a calculated aG value of -9.6 
kcal/mol (- 4 0.2 kJ/mol) (45), could represent a Rho- 
dependent terminator of ORF1. 

10 

Strain LMG 2131, which had lost the lcnA gene, was 
sensitive to LCN-A. This result suggests that the 
producing organism harbors a gene(s) encoding immunity 
to the bacteriocin. Strain IL 14 03 carrying recombinant 

15 plasmid pON7 produced LCN-A and was (by necessity) 

resistant to the bacteriocin. Thus, the 1.2-kb (Rsal- 
Hindlll fragment appears to carry not only the gene 
encoding LCN-A but also a genetic determinant for 
resistance. The DNA sequence of this fragment shows 

20 only one complete ORF in addition to the lcnA gene, 
this is ORF2 , located downstream of and in the same 
operon as lcnA. Hence, the apparently cotranscribed 
ORF2 is the likely candidate to encode an LCN-A immunity 
function. A very similar organization of bacteriocin 

25 genes and their corresponding immunity genes has been 
shown for several E. coli bacteriocins (2, 26). ORF2 
with Met at nucleotide position 495, preceded by the 
possible RBS sequence 5' GGATTAG 3', encodes a 
hypothetical polypeptide of 98 amino acids. 

30 Altenatively , there could be an ORF2 , with Leu at 

nucleotide position 540, preceded by the possible RBS 
sequence 5 1 AAGAAG 3 1 , with the capacity to encode a 
hypthetical 83-amino-acid polypeptide. However, codon 
usage in the 15 N-terminal amino acids of the 98-amino- 

35 acid polypeptides correlates well with the compiled 

codon usage pattern of the rest of the ORF2 polypeptide 
and of LCN-A, indicating that the ORF2 encodes a 98- 
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amino-acid polypeptide- Its six N-terminal residues 
(Met-Lys-Lys-Gln-Ile) show great similarity to signal 
peptides of gram-positive bacteria . Despite the 
presence of Glu in positions 7, 9 and 11, the putative 
5 signal sequence retains a hydrophobic character 

extending from amino acid positions 5 to 20 . According 
to the -3, -1 rule of Von Heijne, there is a possible 
signal peptidase cleavage site after Ala-Thr-Ala at 
amino acid position 20. Of the 14 gram-positive signal 

10 sequences compiled by Abrahamsen et al . (1), 7 contained 
Ala-X-Ala at their cleavage sites. Moreover, Ala-Thr- 
Ala was found to be the -3, -1 amino acid sequence of 
the signal peptidase cleavage site of Bacillus subtilis 
6-glucanase (29) , possibly suggesting a mature ORF2 

15 protein of 79 amino acids. It remains to be shown 
whether the ORF2-encoded polypeptide is secreted or 
anchored within the membrane. 
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Claims 

1. A polypeptide having or including the amino acid 
sequence : 

5 

1 -Lys Leu Thr Phe lie Gin Ser Thr Ala Ala Gly Asp Leu Tyr Ty r 
1 6-Asn Thr Asn Thr His Lys Tyr Val Tyr Gin Gin Thr Gin Asn Ala 
10 31 -Phe Gly Ala Ala Ala Asn Thr lie Val Asn Gly Trp Met Gly Gly 
46-Ala Ala Gly Gly Phe Gly Leu His His 

and derivatives and fragments thereof having bacteriocin 
15 activity . 

2 . A polypeptide having or including the amino acid 
sequence : 

2 0 Glu Lys Asp lie Ser Gin GIu Glu Arg Asn Ala Lai Asn lie Ala Glu 

Lys Ala Lai Asp Asn Ser Glu Tyr Lai Pro Lys lie lie Leu Asn Leu Arg Up Ala Leu 
Thr Pro Leu Ala lie Asn Arg Thr Leu Asn Ths Asp Leu Ser Glu Leu Tyr Lys Phe lie 

25 

Thr Ser Ser Lys Ala Ser Ans Lys Asn Leu Gly Gly Gly Lei lie Met Ser Trp Giy Arg Leu Phe 

and derivatives and fragments thereof having bacteriocin 
immunity activity. 

30 

3. A starter culture of microorganisms for use in a 
microbiological process comprising a polypeptide as claimed 
claim 1, said microorganisms being resistant to said 
polypeptide . 

35 

4. A starter culture as claimed in claim 1 in which the 
microorganisms are lactic acid bacteria or yeasts. 
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5. A method of cheese or yoghurt production in which a 
polypeptide as claimed in claim 1 is added to effect lysis of 
lactic acid bacteria. 

5 6. A method of fermentation for production of ethanol 

wherein a polypeptide as claimed in claim 1 is used to kill 
selectively contaminating strains of lactic acid bacteria. 

7. A method of isolation of a polypeptide as claimed in 

10 claim 1 wherein a culture of a microorganism expressing said 
polypeptide is subjected to fractionation whereby fractions 
enriched in said polypeptide are collected. 

8. A method as claimed in claim 7 in which the microorganism 
15 is Lactococcus lactis subsp. cremoris. 

9. A DNA sequence coding for a polypeptide as claimed in 
claim 1 and/or claim 2. 

20 10. Strains of L. lactis transformed with a vector containing 
DNA coding for a polypeptide as claimed in claim 1 and/or 
claim 2 . 

11. A process for the preparation of a polypeptide as claimed 
25 in claim 1 or claim 2 in which a corresponding protected or 
immobilised polypeptide is subjected to deprotection or 
removal from an inert support. 
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- 1 / 1 - 

ORF1 Dral 4 

TTTAAAGAGGGAAATGCTTATAAAGTTTCTGCGACAACCACT ATCA 6 0 

PheLysGluGlyAsnAlaTyrLysValSerAlaThrThrThrlleA 

ATGCAAAAGACCTCCCAAATATCCGATATGGTCTTCAAGGGAAAACAGTAACCATTATAG 12 0 
snAlaLysAspLeuProAsnlleArgTyrGlyLeuGlnGlyLysThrValThrllelleG 

GAAAGAAAACTTATTTCAATTACTTTTTAGATAAAATAATGGGAAGAGGCAATCAGTAGA 18 0 
lyLysLysThrTyrPheAsnTyrPheLeuAspLysIleMetGlyArgGlyAsnGln 

GTTATTAACATTTGTTAACGAGT TTTATTTTTATATAATC TATAATA(g ATTTATAAAAAT 2 4 0 

PI 

p2 

p3 

— > Ion— A 

AAGGAGATTATTATGAAAAATCAATTAAATTTTAATATTGTTTCAGATGAAGAACTTTCA 30 0 

Met LysAsnGlnLeuAsnPheAsnl leValSerAspGluGluLeuSer 

RBS 

GAAGCTAACGGAGGAAAATTAACATTTATTCAATCGACAGCGGCTGGAGATTTATATTAC 3 60 
GluAlaAsnGlyGlyLysLeuThrPhelleGlnSerThrAlaAlaGlyAspLeuTyrTyr 
T 

AATACTAATACACACAAATATGTTTACCAACAAACTCAAAACGCTTTTGGGGCTGCTGCT 4 20 
AsnThrAsnThrHisLysTyrVaXTyr^lnGlnThrGlnAsnAlaPheGlyAlaAlaAla 

AATACCATTGTTAATGGATGGATGGGTGGCGCTGCTGGAGGTTTCGGGTTGCACCATTGA 4 8 0 
AsnThrlleValAsnGlyTrpMetGlyGlyAlaAlaGlyGlyPheGlyLexiHisHis 

-» ORF2 

GGATTAGTTAAGATATGAAAAAAAAACAAAT AGAATTTGAAAACGAGCTAAGAAGTATGT 54 0 

MetLysLysLysGlnlleGluPheGluAsnGluLeuArgSerMetL 

RBS 

TGGCTACCGCCCTTGAAAAAGACATTAGTCAAGAGGAAAGAAATGCTCTGAATATTGCAG . 6 0 0 
euAlaThrAlaLeuGluLysAspIleSerGlnGluGluArgAsnAlaLeuAsnlleAlaG 

Dral I 

AAAAGGCGCTTGACAATTCTGAATATTTACCAAAAATTATTTTAAACCTCAGAAAAGCCC 6 60 
luLysAlaLeuAspAsnSerGluTyrLeuProLysIlel leLeuAsnLeuArgLysAlaL 

TAACTCCATTAGCTATAAATCGAACACTTAACCATGATTTATCTGAACTGTATAAATTCA 7 2 0 
euThrProLeuAlalleAsnArgThrLeuAsnHisAspLeuSerGluLeuTyrLysPhel 

TTACAAGTTCCAAAGCATCAAACAAAAATTTAGGTGGTGGTTTAATTATGTCGTGGGGAC 7 8 0 
leThrSerSerLysAlaSerAsnLysAsnLeuGlyGlyGlyLeuIleMetSerTrpGlyA 

GACTATTCTAATAAATCAACA GAACTAATAAAAGAATGGCTA AGCAAATTA ^TAGCCATT 8 4 0 
rgLeuPhe 

CTTTTATTAGTTA AAGTGCCATGCTAAAATTTAAGAGACGTGCCATTGATTAAGC AAAGA 9 0 0 

i Dral 

CATTCGATAATTAGATAATTATCGAATGTCTTTTTAAA 960 



Fig. 1 
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